At sea level oxygen is toxic to man when breathed for more than twenty-four hours at a percentage greater than about forty percent. Pulmonary pathology is the first manifestation in subjects with previously normal lungs. In patients with pre-existing lung disease the results are often additive. There is, however, great variation in response from subject to subject and between patients. Queen's Belfast and Harvard University Medical School have been the sites of seminal investigations. Mentoring at both universities is due to training at the University of Copenhagen.
INTRODUCTION
Prescribing the correct dose of oxygen remains a serious concern with still unresolved quandaries in patient management. The descriptions and investigative work of James Lorrain Smith on oxygen toxicity, while at Queen's College, Belfast at the turn of the nineteenth and twentieth centuries has stood the test of many further investigations [1] [2] [3] [4] ( Fig. 1 ).
LORRAIN SMITH AND JS HALDANE
James Lorrain Smith was born in 1862 to a talented family where his father, Walter, was a Free Church of Scotland minister in Half Morton just north of Gretna Green 1, 5 . An elder sister, Annie, became so distinguished that in 1888 she was employed, sub rosa, at the British Museum, paid from special funds 5 . James went to Edinburgh University graduating in medicine in 1889, and immediately went to work with Sir John Scott Burdon Sanderson's Regius Professorial Unit at Oxford. There he joined John Scott Haldane who had graduated in medicine at Edinburgh University in 1884. Haldane 1, [8] [9] [10] [11] [12] [13] [14] . Lorrain Smith was exactly correct in writing in 1897, "We may in the study of oxygen tension in various pathophysiological conditions not only find the explanation of various phenomena of respiratory disease but also obtain data for estimating the clinical significance of disturbance to the respiratory functions in these conditions 10" . By 1899 Lorrain Smith had demonstrated that oxygen at up to 41 percent of an atmosphere is well tolerated. At seventy to eighty percent inspired oxygen, fifty percent of mice are dead at the end of the week 12 . "Mice have a remarkable power of recovering from the effects of high inspired oxygen. The same is probably true of man," wrote Lorrain Smith.
FALSE TRACK
In their investigations of the transport of oxygen from the airways into blood, Bohr, Haldane and Lorrain Smith erroneously espoused active oxygen secretion into the blood, generally finding arterial oxygen tension to be higher than alveolar. The causes were the lack of reliable methods of measuring oxygen tension in blood 9 . Maybe the purity of the oxygen was a problem. Cylinders were supplied by the Scottish and Irish Oxygen Company. "The gas was manufactured by the peroxide of barium method and contained no impurity except nitrogen 9, 10 ." Almost pure oxygen produced by rectification for welding was not available.
THE KROGHS' RESPONSE
It was not until 1910 that Marie Krogh, the wife of Christian Bohr's successor August Krogh, proved that oxygen diffuses across the alveolar capillary membrane 15, 16 . The Kroghs wrote seven different dissertations in proving diffusion to be the only method of alveolar-capillary transit. In the last of the seven theses, August Krogh wrote "I shall be obliged in the following pages to combat the views of my teacher Professor Bohr…Real progress, made during the last twenty years in the knowledge of the processes in the lungs, is mainly due to his labours and to the refinement of methods which he has introduced" 17 . 8, 9 . Our values, validating the principles of Bohr are in more recent handbooks 38, 39 . Aage Bohr wrote to us in 1964 to welcome validation of his grandfather's work 40 . In 1967 we were asked to review and update Lorrain Smith and Haldane's work on the effects of oxygen 29, 41 .
HALDANE AND OXFORD
Further work on the effects of inspired oxygen over 42 percent 42 needs to be done on patients with very large right to left intrapulmonary shunts ( fig. 2) 3 , on patients with altered cholesterol metabolism 43 and in patients with intracranial pathology 44 . The genetic basis of the variability of pulmonary pathologic response to oxygen needs to be explored. During respiratory failure in a patient with ARDS and pneumonia despite minute ventilation (V E ) of more than 20 liters per minute provided on the thirtieth hospital day by a constant volume ventilator, effective ventilation (alveolar ventilation V A ) was only 2.5 liters per minute. Ineffective ventilation (dead space ventilation) is shown in blue. The ratio of dead space to tidal volume (V D /V T ) is a measure of lung inefficiency (and consolidation in this patient). For two weeks this man had to be ventilated with 100 percent oxygen and heavily sedated to decrease oxygen consumption, and even so his arterial oxygen tension (P a O 2 ) was consistently under 50 mm of mercury. The 60 percent intrapulmonary shunt, venous to arterial diminished as the patient recovered. Six months later the patient was in excellent health with no exercise limitation (Reproduced by permission from the New England Journal of Medicine. Adapted from Hedley-Whyte J. Control of the uptake of oxygen. New Engl J Med 1968; 279(21) 
END OF AN ERA

